Ethnoveterinary practices are locally available and affordable to Fulani pastoralists in Niger State, Nigeria, to whom conventional veterinary services are often not readily available and are relatively expensive. This study was designed to identify and document medicinal plant and nonplant materials used by this group in the management of cattle diseases. Participatory rural appraisal tools of checklist, semistructured interview, probing, transect, and triangulations were used to assess Fulani pastoralists existing knowledge on traditional veterinary practices in nine pastoral communities spread across the state. Fifty medicinal materials and seven traditional preventive practices are in use against CBPP and other cattle disease conditions. Of these, 38 (76.0%) are medicinal plants and 12 (24.0%) are nonplant materials (edible earth materials and minerals). Family Fabaceae was most commonly mentioned while leaves were the most common parts used. Most of these materials are administered by drenching with few others mixed with feed. Proportions of plant parts used include leaves (47.4%), barks (31.6%), roots (10.6%), and 2.6% of each of rhizomes, fruits, seeds, and whole plants. Of recently used ingredients are kerosene and spent engine oil. Further research into the active ingredients of ethnoveterinary materials and dosages is necessary to guide their usage.
Introduction
For many years stock raising has been an important part of livelihood and culture in Sub-Saharan Africa [1] [2] [3] . The economic burden of livestock diseases and the declining provision of conventional veterinary services in this continent have undermined the efficiency of livestock production, especially by Fulani pastoralists [4] . Many people in developing countries still rely on medicinal plants and traditional healing practices for daily healthcare needs of their animals, in spite of the advancement in conventional medicine [5] .
Conventional medical system, also called Western medicine, modern medicine, and biomedicine, used by most medical and veterinary doctors, focuses on disease as an enemy to be conquered. The conventional veterinary practitioner prescribes medications, uses the latest diagnostic tools, and follows peer-reviewed studies that could impact or change the way certain injuries or illnesses are treated. On the other hand holistic veterinary medicine includes such unconventional modalities as acupuncture, chiropractic, homeopathy, flower essences, raw diets, nutraceuticals (the use of concentrated doses of vitamins, minerals, and enzymes to treat disease), Chinese medicine, and herbs [6, 7] .
There is abundant undocumented traditional knowledge of medicinal plants used to treat diseases in most cultures [8] . Different traditional healing practices worldwide are designed for either therapeutic or prophylactic use in human or animal diseases [9] [10] [11] .
In Nigeria, pastoralists are known to treat animal diseases with herbs and other traditional medical practices before the advent of conventional medicine [12] . Traditional medical and veterinary practices remain relevant and vital in almost all cultures in Nigeria due to absence or inadequate provision of modern medical services especially in hard-to-reach rural areas [13] . Ethnoveterinary medical practice is widespread among pastoral herdsmen and village livestock keepers in northern Nigeria where most of the country's livestock are concentrated [14] . For most of these livestock owners, conventional veterinary inputs and services are not readily available and, where available, are relatively expensive. Therefore, they are left with traditional choices which are locally available and affordable, with the held belief that they are more efficacious [15] .
In recognition of the fact that Fulani pastoralists possess considerable existing veterinary knowledge and traditional oral history of herbal and nonherbal remedies and their application in livestock disease management, veterinarians, recently, have intensified efforts towards harnessing this knowledge for authentication and preservation [16] . There is no record so far giving ethnoveterinary practices documentation in Niger State and there is likelihood that the practices are at the verge of extinction, especially among the Fulani pastoralists.
This survey was therefore aimed at assessing, in nonexperimental way, the ethnoveterinary practices used by Fulani pastoralists in Niger State to traditionally manage contagious bovine pleuropneumonia (CBPP) and other common cattle disease conditions in their herds. Also, herbal and nonherbal materials are to be identified, validated by consensus, and documented to add useful new remedies to the traditional veterinary pharmacopoeia.
Materials and Methods

Study Area.
Niger State is located in the North-Central geopolitical zone, at the Northern Guinea Savannah ecological zone of Nigeria, between latitudes 8 ∘ 20 N and 11 ∘ 30 N and longitudes 3
∘ 30 E and 7 ∘ 20 E. It is one of the 36 states of Nigeria, a gateway between Northern and Southwestern and South-Southern parts of the country, and provides transit routes for pastoral nomads on seasonal movements from the northern parts of Nigeria to the southern parts and back. The state covers a land area of about 76,363 square kilometers (29,484 square miles) or about 9% of Nigeria's total land area, making it the largest in terms of land mass in the country. The state has an estimated cattle population of about 2.4 million cattle, 1.7 million sheep, and 2.3 million goats in 2012 [17] . These cattle are in the custodies of nomadic and sedentary pastoralists.
The state shares a common international boundary with the Republic of Benin at its western border and has three agroecological zones, A (Bida zone), B (Minna zone), and C (Kontagora zone), which are based on different climatic conditions in the state [17] (Figure 1) . 
Sample Size.
Three key informants were conveniently allocated to each of the nine pastoral communities for the purpose of the participatory exercises. Since nine pastoral communities were purposively selected, the number (sample size) of the key informants for the survey was, therefore, 27.
Sampling
Procedure. Two-stage sampling method was used. In stage one, the state was divided into three sampling areas based on the existing three agroecological zones: A (Bida zone), B (Minna zone), and C (Kontagora zone) in the state. In stage two, three Fulani pastoral communities were conveniently selected in each agroecological zone by purposive sampling method. In addition to the key informants participation in the PE exercises for historical information about existing ethnoveterinary knowledge and practices on cattle diseases management, other pastoralists also participated in each community. However, the number of other participants in the exercises was not restricted since there was no size limit of attendance by others in each session.
Data Collection.
The participatory rural appraisal (PRA) tools of key informants, checklist, semistructured interview, probing, transect, and triangulation [18] [19] [20] were used to discuss and collect information. Interviews and discussions were supplemented by "walk-in-the-woods" (transect) observations guided by key informants to identify and collect plant species, where necessary, for documentation. During participatory appraisal activities, informants were asked specific questions about the use of botanical and nonbotanical medicinal materials, methods of preparations, and applications. The key informants' consensus factor on each plant or nonplant material used for a particular cattle disease condition gave indication of agreements on the usefulness of the material for such disease condition. An outline of the participants' initial ethnoveterinary remedies was drafted during each participatory session and further probed and discussed extensively in order to confirm the information provided. For every specimen identified the vernacular names were also recorded. The collected specimens were preserved and identified in the herbarium of Niger State Ministry of Agriculture and Natural Resources, Minna, Nigeria.
Data Analysis.
Descriptive statistics of rates, charts, and tables were used. The collected ethnobotanical data and other ethnoveterinary information on CBPP and other cattle disease conditions were analyzed using the method of Friedman et al. [21] that expresses a plant's botanical efficacy by fidelity level. The fidelity level (key informants consensus) presents the most important plant species used for treating a particular cattle disease/condition as expressed by the key informants who are considered most knowledgeable elders possessing existing veterinary knowledge and traditional oral history on livestock in the pastoral communities. In this study, the fidelity level analytical approach was also used in evaluating the nonplants and prophylactic data generated during the participatory exercises. The fidelity level is mathematically expressed as FL = ( / ) × 100, where FL is the fidelity level of each plant or nonplant material, is the number of key informants who mentioned that a plant or nonplant material has specific ethnoveterinary uses against a particular disease condition, and is the total number of key informants who independently suggested that the same plant or nonplant material has any ethnoveterinary uses.
Results
The traditional botanical and nonbotanical ethnoveterinary practices used in managing CBPP and other cattle disease conditions as well as the modes of their preparation and administration are presented in Table 1 . The traditional botanical and nonbotanical ethnoveterinary practices used in managing other cattle disease conditions as well as the modes of their preparation and administration are presented in Table 2 . The local names of plants and nonplant materials in Hausa, Fulfulde, and Nupe were obtained for easy identification and documentation (Table 3) .
Traditional preventive practices in use specifically for prophylaxis against CBPP and some cattle disease conditions are shown in Table 4 .
Discussion
Cattle-rearing is the main occupation of Fulani pastoralists in Nigeria and these herdsmen use medicinal plant remedies to manage their stocks [22] . This study indicates that 50 medicinal materials and seven preventive practices are in use by Fulani pastoralists to traditionally manage CBPP and other cattle disease conditions in Niger State. This agrees with earlier reports on the relevance of different traditional healing practices in Nigeria as well as other parts of the world [9, 10, 22] . The reliance of pastoralists on herbal and nonherbal materials for both therapeutic and prophylactic purposes in Nigeria has been reported [13, 22] . The Fulani pastoralists exhibited good existing veterinary knowledge of the pathology of various probed cattle diseases and conditions and the corresponding ethnoveterinary remedies which are mostly acquired from their parents and during grazing. This is in consonance with an observation that the understanding of animal diseases by pastoralists is partly due to experiences gathered during grazing [23] .
A. digitata (baobab) is commonly found in the northern part of Nigeria and Fulani group frequently uses it in treating CBPP and diarrhea cases in cattle. The study found commonly used medicinal plants by the Fulani pastoralists in the treatment of CBPP cases to include Adansonia digitata, Anogeissus leiocarpus, Stachytarpheta angustifolia, Striga hermonthica, and Terminalia macroptera. However, it was observed that ethnobotanical management of CBPP is not very effective as indicated by their fidelity levels of the mentioned plants. Except for A. digitata and Terminalia macroptera that have high fidelity levels, others have very low fidelity levels which may indicate low efficacy of the plants against the disease. The survey revealed that the preventive measures involve the use of lung tissues from infected dead cattle with CBPP (believed to be rich in infective agents) soaked in fresh milk and briefly placed on the nasal area of the healthy ones or wrapped in a rag and hung on a tree very close to the herd site. Also revealed is the application of ground dried infected lungs, by spread of granules in the herd. This traditional immunization finding agrees with earlier reports that livestock keepers are aware of the fact that the principle of vaccination consists of introducing a mild form of the disease [24] . Long ago, many pastoral societies of Africa, such as Maasai, Mauritanian Moors, Somali, and Wodaabe, invented their own vaccines for contagious bovine pleuropneumonia, rinderpest, foot-and-mouth disease, and bovine brucellosis. They used lung tissues, urine, faces, milk, material from the feet, and tongue of the infected animals and material from the aborted fetus to vaccinate other healthy animals [25] . The mention of other preventive practices by the pastoralists agrees with reports that, in other ethnoveterinary medical practices with surgical implications, wounds, joint conditions, and swellings are treated by applying a red-hot iron over them, with the belief that as the burnt skin heals, the ailment is healed along with it [26] . Some of the nonplant materials observed in this survey to be used by the pastoralists include wood ash, honey, oils, kerosene, kaolin, potassium, local soap, and spent engine oil which they believe are effective in ethnoveterinary management. They use spent engine oil in the management of wounds, kerosene for foot rot, and local soap as disinfectant in animals. Some authors [14] have contrast views with the findings as they reported most of these nonplant materials to be carrier mechanisms with no known medicinal values but can cause perceived improvement in performance through their effects on feed efficiency. Further, these authors also observed that the use of a carrier mechanism in ethnoveterinary medical practices involves arbitrary quantities of the carrier which may dilute the drug or reduce its relative potency unlike in conventional veterinary medicine where variability in the quantity of the carrier materials is not much prominent as in ethnoveterinary medicine.
The study found honey to be used in wound healing, oils (especially vegetable oil) for managing poisons and bloats, cow butter for wound healing, cattle fats for burns, and salts for preservation and appetite promotion. These observations have been corroborated by Abdu et al. [22] , while Poonam and Singh [27] reported some of them, such as honey, cow/goat's milk, sugar, ghee, salt, and butter milk, to be appetizers media to improve palatability and medicinal property of certain herbal remedies.
The Fulani pastoralists' methods for ethnoveterinary preparation vary and include grinding or pounding dried or fresh parts, followed by boiling or soaking in water to obtain solutions that are administered orally and sometimes mixed with feed. However, ground plant portions could also be mixed with potash or salt and given for licking. These practices of medicinal herbal preparations and administration have been agreed upon by observations of some researchers [14, 22, 28] .
The dosage administered often varied with the parts of the plant used and the mode of preparation. However most Fulani pastoralists administer the preparations once or twice daily for a week or keep treating until the animal recovers. Full recovery is confirmed when the animals resume feeding and other physical activities. In a similar observation, Alawa et al. [14] indicated that the duration of treatment for a particular disease in ethnoveterinary practices varied and depends largely on the herdsmen, with clinical improvement of affected animals usually considered as end of that disease condition when they start feeding, leaving the possibility that those causative agents might not be completely eliminated at the beginning of improvement. This contrasts the conventional veterinary medical practices where treatment might continue to complete the dosage even after the clinical signs of a disease have disappeared.
Also, these findings indicate that ethnoveterinary practices are readily available and can complement conventional veterinary medical practices, but there is need to standardize modes of preparation and application of the traditional practices. Further research on the active ingredients and their quantities in the ethnoveterinary materials becomes scientifically necessary so as to guide their usage.
Conclusion and Recommendations
The information obtained from Fulani pastoralists on ethnoveterinary practices in this study will form a basis for further ethnoveterinary research especially in studies dealing with efficacy, dosage, quality, and toxicology. Those plants that are found to be effective empirically can be used in the preparation of commercial local-based veterinary pharmaceuticals, which will consequently lead to protection of the important ethnoveterinary phytotherapeutics. Since some of the plants used in ethnoveterinary management of cattle by this group of pastoralists are likely to be threatened species, especially with desert encroachment into the state, conservation of such plants is recommended. The Fulani pastoral communities in Niger State are potential beneficiaries of such conservation effort and should be involved in such efforts in the spirit and goal of participatory epidemiology.
